An 18-year-old woman was evaluated for a chronic productive cough and dyspnea. She was subsequently diagnosed with mediastinal non-Hodgkin lymphoma (NHL). A covered self-expandable metallic stent (SEMS) was implanted to relieve narrowing in for both main bronchi. The NHL went into complete remission after six chemotherapy cycles, but atelectasis developed in the left lower lobe 18 months after SEMS insertion. The left main bronchus was completely occluded by granulation tissue. However, the right main bronchus and intermedius bronchus were patent. Granulation tissue was observed adjacent to the SEMS. The granulation tissue and the SEMS were excised, and a silicone stent was successfully implanted using a rigid bronchoscope. SEMS is advantageous owing to its easy implantation, but there are considerable potential complications such as severe reactive granulation, stent rupture, and ventilation failure in serious cases. Therefore, SEMS should be avoided whenever possible in patients with benign airway disease. This case highlights that SEMS implantation should be avoided even in malignant airway obstruction cases if the underlying malignancy is curable.
Introduction
Airway obstruction has numerous causes and can induce serious clinical symptoms and disease such as dyspnea, hypoxemia, obstructive pneumonia, or respiratory failure. Airway stenting is a well-established method that immediately relieves symptoms and maintains airway patency in cases of inoperable airway obstruction [1] [2] [3] [4] [5] [6] . Currently, two stent types are used therapeutically, a self-expandable metallic stent (SEMS) and a silicone stent. SEMS is used to treat malignant airway obstructions because it can be easily placed by a flexible bronchoscope. However, SEMS may cause long-term complications such as granulation tissue formation, and the incidence of complications increase over time 7, 8 . If the stent becomes obstructed by granulation tissue, then stent removal or other interventions are required, which themselves may cause serious complications 9 .
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Many studies recommend against implanting an SEMS in a patient with benign airway disease and instead only recommend it for use in malignant airway disorders after thoroughly exploring all other therapeutic options 2, [7] [8] [9] . We describe a case of bilateral main bronchial restenosis caused by granulation tissue in-growth after implanting a covered-SEMS to treat a malignant airway disorder. The patient was successfully treated by removing the obstructed covered-SEMS and replacing it with a silicone stent by using a rigid bronchoscope, which helped maintain airway patency and stability.
Case Report
An 18-year-old woman was evaluated for a 7-month history of chronic purulent sputum and dyspnea. She was diagnosed with non-Hodgkin lymphoma with bilateral bronchial obstruction 18 months previously. At that time, a covered-SEMS was implanted on emergency and was followed by six chemotherapy cycles. She eventually achieved complete remission. Eleven months after implanting the stents, the chronic pro- intact (B, D) . www.e-trd.org ductive cough with dyspnea began. An initial bronchoscopy and computed tomography revealed stent obstruction with granulation tissue. Despite repeated excision of the granulation tissue and other medical therapies, the obstructive lesions continued to deteriorate, and after 3 months, she was referred to our hospital for evaluation.
On initial examination, the blood pressure was 120/70 mm Hg, heart rate 80 beats per minute, respiratory rate 29 breaths per minute, and body temperature was 36.5 o C. The lung sounds were decreased, and wheezing was auscultated at the left lower lung; thoracic radiography showed atelectasis in the left lower lung field ( Figure 1) . A chest computed tomography revealed obstruction in the left main bronchus and left lower lobe collapse (Figure 2A ).
Leukocyte count was 9,900 cells/mm 3 Flexible bronchoscopy showed an obstruction in the left main bronchus, and the bronchoscope was unable to proceed beyond the bronchus mid portion due to the excessive granulation tissue ( Figure 2C ). The right main bronchus was relatively patent ( Figure 2B ), but excessive granulation tissue was noted ( Figure 2D ). After excising the granulation tissue using a rigid bronchoscope, the covered-SEMS was visualized distally. The implant was overgrown with granulation tissue, and the metallic wires were pressed against the bronchial wall. The implant removed from the left bronchus in fragments using alligator forceps (Figure 3) , and once removed, bronchomalacia and excessive granulation was observed in the left main bronchus. There were no complications after removing the covered-SEMS and attached granulation tissue.
Afterwards, a balloon dilation and silicone stent insertion were performed to maintain airway patency (Figure 4) . The right bronchial covered-SEMS was also removed as a single unit to prevent similar SEMS-related complications, especially excessive granulation. Stenosis was present, and a silicone stent was similarly implanted at the right bronchus intermedius. The patient has reported no complications in 2 years of follow-up examinations.
Discussion
Airway stenting is a highly effective procedure to relieve airway obstruction [1] [2] [3] [4] . Generally, an airway stent is indicated in any airway compression condition causing debilitating respi- www.e-trd.org ratory symptoms (dyspnea, obstructive pneumonia, hemorrhage) and to seal an airway fistula 2, 4, 10 . The only contraindication is external airway compression from a vessel 4 . The first airway stent, described in 1964 by Montgomery, was silastic and required insertion using a rigid bronchoscope under general anesthesia 2 . The silicone airway stent was first introduced by Dumon in 1987 11 . Two stent types are currently used, metal and silicone. SEMS was introduced later and is advantageous owing to its easy placement under conscious sedation using a flexible bronchoscope, lower incidence of migration, and improved adaption to irregular airways 3, 7 . However, SEMS is disadvantaged by high reactivity to granulation tissue, stent obstruction, fracture, erosion of surrounding tissue, and bacterial colonization 2, 3, 7 . Covered-SEMS was subsequently developed to decrease the risks of tumor and granulation tissue in-growth. However, granulation tissue may still form at the stent margins (anchor), leading to obstruction 10 . In the present case, a covered-SEMS was implanted to restore airway patency. The patient was severely debilitated by the malignant disease and required immediate therapy. However, her medical condition was not favorable for undergoing general anesthesia. Fifteen months later, the mediastinal malignant lymphoma improved, but the airway was still obstructed by granulation tissue in-growth.
In a retrospective review on the use of metallic stents, Breitenbucher et al. 12 reported complications in 23 of 172 patients (tumor in-growths in nine, granulation tissue in seven, stent migration in five, and external compression in two). Similarly, Lemaire et al. 13 retrospectively reviewed the use of SEMS in a single institution and reported complications in 23 of 166 patients (tumor in-growths in nine, excessive granulation in seven, stent migration in five, and external compression in two). In a review of benign airway disease, Chung et al. 14 identified 35 out of 75 cases (47.8%) developed SEMS-related obstructive granulation tissue. These complications require stent removal, which is difficult and hazardous to the patient; removal can induce further serious complications such as mucosal tear, hemorrhage, retained stent fragments, pneumothorax, re-obstruction, and ventilation failure in severe cases 7, 8, 15 . Noppen et al. 8 retrospectively analyzed cases of benign airway disease treated with covered-SEMS in a single institution. They reported that 10 of 39 patients experienced complications requiring stent removal. In this study, granulomas formed in 17 patients and required repeated intervention; five patients required stent removal because of refractory granulation 8 . Several studies of SEMS complications in benign airway disease indicate that complications increase the longer SEMS is in place 7, 8, 15 . In 2007, the US Food and Drug Administration recommended metallic tracheal stents should be implanted in patients with benign airway disorders only after thoroughly exploring all other treatment options 9 . These risks have not significantly improved in the latest generation of prosthesis covered-SEMS 15 .
The silicone stent is disadvantaged because it can only be inserted using a rigid bronchoscope under general anesthesia. The silicone stent is difficult to implant in a complex airway. Mucociliary clearance may also be impaired, and there is higher incidence of stent migration than SEMS. However, these disadvantages typically do not cause any serious complication. Furthermore, the silicone stent has a low granulation tissue reactivity and is easily removed should complications arise or following treatment of the underlying disease 2, 5, 6, 9 . In this patient, a silicone stent was the superior initial choice because her disease was potentially curable, and the stent should have been removed immediately after chemotherapy.
In conclusion, the reversibility of the underlying pathology and the potential for stent removal should be considered at the time of stent placement. SEMS must not be used in benign airway disease and even malignant disease if the condition is potentially curable or the patient has a long life expectancy. This is a rare case of obstructed SEMS removal and highlights that the silicone stent should be used preferentially in benign or potentially curable malignant airway disease.
